Abstract: This paper examines the investment performance of diamonds and other gems (sapphires, rubies, and emeralds) over the period 1999-2010, using a novel data set of auction transactions. Between 1999 and 2010, the annualized real USD returns for white and colored diamonds equaled 6.4% and 2.9%, respectively. Since 2003, the returns were 10.0%, 5.5%, and 6.8% for white diamonds, colored diamonds, and other gems, respectively. Both white and colored diamonds outperformed the stock market over our time frame. Nevertheless, gem returns are positively correlated with stock market returns, suggesting the existence of stock market wealth effects.
Introduction
In the recent past, impressive sums of money have been spent on diamonds and other gems.
In December 2008, a British jewelry dealer paid more than 24 million U.S. dollar (USD) for the 35.56 carat grayish-blue Wittelsbach Diamond at a Christie's auction in London. On 16
November 2010, a rectangular 24.78 carat pink diamond was sold in the auction rooms of Sotheby's Geneva for the record price of 45.75 million USD. In private transactions, the figures have even been higher (Bloomberg, 2008) . According to some jewelry experts, the recent financial crisis is partially responsible for the elevated price levels: "nobody knows what they are buying with stocks, but here they are buying something solid and tangible" (Reuters, 2010) .
Also in the late 1970s and the early 1980s -when the economic climate was arguably even more uncertain than today -there was an increased investor attention for tangible but easily storable assets, such as gold (Ibottson and Brinson, 1993) , stamps (Dimson and Spaenjers, 2011) , and gemstones. Two interesting examples of diamond investor manuals that were published around that time were Sutton (1979) and Dohrmann (1981) . Both studies elaborated extensively on the advantages of investing in diamonds; the latter publication even claimed in its preface that "diamonds have a track record of thousands of years of value with steady, stable appreciation".
The production side of the gem industry has been dominated by the De Beers cartel since the 1870s. By stockpiling the excess supply of rough diamonds and creating an illusion of scarcity, but also by curbing attempts of speculation, the company cartel has managed to create an "orderly" primary market with prices that have been steadily increasing over time (Spar, 2006) . Over the next few years, worldwide jewelry sales are expected to grow strongly, especially in emerging markets (KPMG, 2010) . 1 There are two interesting aspects to the consumer demand for diamonds. First, diamonds may constitute a market for social status (Scott and Yelowitz, 2010) . The Indian and Chinese market for gems will have surpassed the U.S. market in size by 2015.
Second, and more relevant 2 Scott and Yelowitz (2010) show that the (online) supply of diamonds has distinct discontinuities in the frequency distributions by size. Also, a diamond's price is significantly lower when its size is just below a round carat weight, such as one or two carat. This may be due to a behavioral whole numbers effect or -in the context when looking at price trends, diamonds are appreciated not only because of their intrinsic consumption effects, but also because they are costly and are a store of value. This may have become even more important since the recent financial crisis. A recent Capgemini (2010) study on passion investments indeed stressed that high-net-worth individuals seek out "more tangible assets expected to hold their long-term value". As a result, 'jewelry, gems, and watches' overtook 'art' as the second most important category of passion investments globally in 2009.
Unfortunately, however, apart from anecdotal press reports and fragmentary data in outdated investor guidebooks, no information is available on the historical investment performance of gems. This study constitutes a first step towards filling this gap in the literature. We estimate the returns on diamonds and other gems in the secondary market over the period 1999-2010, using a novel data set of auction transactions. We concentrate only on the upper end of the market: high-quality "white" (colorless or near-colorless) and colored diamonds, and other types of precious gemstones (sapphires, rubies, and emeralds). We also compare and relate the price trends in the secondary market for investment-grade gems to the returns on more traditional asset categories.
We find that the average annual real (i.e., deflated) USD returns for white and colored diamonds equaled 6.4% and 2.9%, respectively, between 1999 and 2010. Since 2003, the annualized real returns were 10.0%, 5.5%, and 6.8% for white diamonds, colored diamonds, and other gems, respectively. Although the diamond returns since 1999 have been below those on gold, both white and colored diamonds have significantly outperformed the stock market. The reward-to-volatility of white diamonds has been similar to that of government bonds. Gem returns are positively correlated with stock market returns, suggesting the existence of stock market wealth effects. Therefore, even if financial crises turn the attention towards tangible assets, the drop in wealth that they cause can also adversely impact the prices of those goods. Overall, returns may on average be slightly higher for higher-quality objects.
This paper proceeds as follows. Section 2 presents the data and methodology. Section 3 illustrates the importance of time-invariant price-determining variables such as carat, color, and clarity. Section 4 outlines our price indices. Section 5 compares the performance of of engagement and wedding rings -be evidence of conspicuous consumption. We do not study this (retail) segment of the diamonds market. diamonds with that of other assets. Section 6 briefly examines whether higher-quality objects are also better investments. Section 7 concludes and discusses the need for a longer-term perspective.
Data and methodology
The data used in this study were provided by Rocks International, a team of international diamond industry experts. The original database includes information on auction sales of gems at offices of Sotheby's and Christie's worldwide. Although a limited number of transactions are included for the early-and mid-1990s, we start our analysis in 1999, the first year for which there is representative coverage. In total, the database contains information on 3,952 sales. Table 1 shows the distribution of sales per half-year over the three types of stones included in the database: white diamonds, colored diamonds, and other gems. The different sorts of non-diamond gems considered are emeralds from Colombia, rubies from Burma (Myanmar), and sapphires from Burma, Ceylon (Sri Lanka), and Kashmir. (Ten transactions that concern stones from other regions were deleted from the database.) The panel shows that a small majority of the transacted gems are white diamonds (2,034 sales).
The number of observations for colored diamonds (1,086) is slightly above that for other gems (832).
[Insert Table 1 The increase in the price per carat since the early years of our time frame is further illustrated in Figure 1 , which shows the evolution of the average price per carat in USD for white diamonds, colored diamonds, and other gems. For both white and colored diamonds, the average price level per carat has roughly multiplied threefold.
[Insert Figure 1 about here] Calculating average prices is only an initial step, since a price index should also take into account variation in the average quality of the items sold. Indeed, average prices can go up both because of a true increase in the overall price level, or because of a shift in the sales composition towards higher-quality objects. Dohrmann (1981) claims that the uniqueness of each piece implies that constructing a price index for diamonds is like "trying to have an index for snowflakes". Such a statement is incorrect: building a price index for heterogeneous goods is far from impossible, provided that enough transactions are observed and that detailed sales information is available. Index construction may even be less complicated for diamonds than for other collectible goods, since a relatively limited number of easily quantifiable characteristics capture a lot of the appeal -and hence the price -of each stone.
In this study, we estimate the returns on gems by applying a hedonic regression to our database. The hedonic methodology has previously been used to estimate the returns on other heterogeneous and infrequently traded assets, such as real estate (e.g., Meese and Wallace, 1997) , wine (e.g., Combris et al, 1997) , and art (e.g., Renneboog and Spaenjers, 2010) . The idea is to relate the prices of individual sales to a number of price-determining characteristics (e.g., the number of rooms in a house, the region of production of a bottle of wine, or the size of a painting) and a range of time dummies (e.g., years). Under the assumption that the hedonic characteristics capture the quality of the item, the regression coefficients on the time dummies will proxy for the price level in each period. More formally, a hedonic regression model can be represented as in Equation (1):
where p kt represents the price of good k at time t, x mkt is the value of characteristic m of object k at time t, and d kt is a time dummy variable which takes a value of one if good k is sold in period t (and zero otherwise). The coefficients β m reflect the attribution of a shadow price to each of the M characteristics, while the changes in the antilogs of the coefficients γ t are used to calculate returns over T time periods.
The choice of the hedonic characteristics is of key importance, since these variables should capture as precisely as possible the time-invariant quality or appeal of each item. Our database contains information on many of the characteristics that can be expected to impact gem prices. We first focus on 'the four Cs', which are assumed to be the most important [Insert Table 2 about here]
The price determinants of gems
The shadow prices of the hedonic characteristics -represented by the vector of coefficients β in Equation (1) -are assumed to stay constant over time. This is a fair assumption given that our estimation time frame is relatively short. Therefore, we deflate all prices to real USD, using the U.S. Consumer Price Index. We then estimate Equation (1) for each of the three types of stones, using ordinary least squares (OLS). Before examining the estimated returns, we focus on the results on the hedonic variables, which are shown in Table 3 . To avoid multicollinearity, we have to leave out one dummy variable for some groups of variables. For the included dummies, we do not only report the coefficient, the standard deviation, and the tstatistic, but also the percentage price impact of the variable, which can be calculated as one minus the exponent of the coefficient. This enables us to focus on the economic significance of the hedonic variables.
[Insert Table 3 about here] Table 3 shows that many of our hedonic variables have a substantial impact on prices. The At the bottom of each panel, we show the R-squared of each model. We find that our time dummies and hedonic characteristics together explain almost 95% of the variation in prices of white diamonds (Panel A). The explanatory power is somewhat lower for colored diamonds and for other gems, although still 50% or more.
In Figure 2 , we graphically illustrate the importance of color and clarity for white diamonds. [Insert Figure 2 about here]
The returns on gems
In Table 4 , we show the returns for each type of gem, in deflated USD. These real returns are calculated as the exponent of the difference between the coefficients γ on the time dummy variables in two subsequent periods, minus one. For the non-diamond stones, we exclude the periods for which there are less than 20 observations, because we want to avoid reporting non-representative returns. We also construct a price index for each category, with the relative deflated price level in the first semester of 1999 (or the second half of 2003, in the case of other gems) set equal to 100.
[Insert Table 4 The index for other gem stones is only available over a shorter time period, and is relatively volatile. Nevertheless, the returns beat inflation by an annualized 6.8% between end-2003 and end-2010. Table 4 is instructive, but it is hard to evaluate the financial attractiveness of gems without a proper benchmark. Therefore, in Figure 3 we compare the index values of white and colored diamonds to the investment performance of global stocks, global government bonds, and gold.
Comparison with other assets
All additional data come from Global Financial Data. In Table 5 , we more formally compare the performance of white and colored diamonds with that of financial assets and gold since the first half of 1999. We show the annualized returns, the annualized standard deviation, 7 and an estimate of the Sharpe ratio (i.e., the return in excess of the risk free rate by unit of risk) for each asset.
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[Insert Table 5 about here]
Moreover, we include the correlation of each asset with same-period and previous-period global stock returns.
White diamonds appreciated by an annualized 6.4% in real USD between 1999 and 2010, whereas stocks and bonds recorded average returns of -0.1% and 3.3% over the same period.
(For gold, the average annual appreciation since the first half of 1999 is equal to 11.6%.) The dismal performance of stocks is of course influenced by the bursting of the high-tech bubble in 2000 and by the financial crisis that commenced in 2007. When combining return and risk into a Sharpe ratio, we learn that white diamonds have substantially outperformed stocks since 1999, while their reward-to-variability has been comparable to that of bonds.
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Table 5 also shows that the price changes of diamonds are positively correlated with contemporaneous and lagged global equity market returns. This confirms the existence of a stock market wealth effect: the acquisition of diamonds is impacted by the evolution of equity wealth. (A similar observation that equity markets have wealth effects on collectibles prices is made by Goetzmann et al. (2011) in the context of the art market.) Our results thus shed doubt on the statement of an auction house jewelry specialist in July 2008 that "when stock markets go down, it's always good for us" (Bloomberg, 2008) , which would suggest a 7 The annualized standard deviation is calculated by multiplying the standard deviation over the half-yearly returns by the square root of two. 8 We consider returns before transaction costs; these costs are of course higher for gems than for financial assets.
9 It is important to note that the raw standard deviations may slightly underestimate the true riskiness of diamond investments, due to the time aggregation of data. We do not go deeper into this issue here, but refer to Renneboog and Spaenjers (2010) .
negative correlation between the diamond and equity markets. Table 4 already showed that white diamond prices dropped substantially during the second half of 2008 and the first half of 2009 -even if somewhat less than the overall equity market.
The "masterpiece effect"
An interesting question is whether the highest-end objects appreciate faster in value than the market as a whole. We therefore repeat the estimation of our hedonic model, first using all white diamonds of color categories D, E, and F, and second using all of those diamonds that weigh at least 10 carat. We illustrate the findings in Figure 4 .
[Insert Figure 4 about here]
There seems to be a small return premium for top-quality objects. Over our time frame, we find an annualized return of 7.6% for the larger white diamonds of categories D, E, and F (not reported), compared to 6.4% for our baseline series. This backs up previous evidence on the art market that higher returns can be realized on "masterpieces" (Renneboog and Spaenjers, 2010 ). Yet, just like high-quality art works, top-end diamonds have slightly more volatile price paths.
Conclusion and discussion
In this paper, we study the market for investment-grade gems between 1999 and 2010.
Applying a hedonic regression to a unique data set of auction transactions, we confirm that 'the four Cs' indeed play an important role in setting white diamond prices; overall, we are able to explain about 95% of their price variation. Our model also performs well for colored diamonds and other gems (sapphires, rubies, and emeralds).
Over the past twelve years, the annual USD returns for white and colored diamonds amount to 6.4% and 2.9%, over and above inflation. Since 2003, we are also able to calculate returns for other gem types. The annualized real returns are then 10.0%, 5.5%, and 6.8% for white diamonds, colored diamonds, and other gems, respectively; the nominal equivalents are 12.6%, 8.0%, and 9.5%.
Although the diamond returns since 1999 have been below those on gold (a much-used safe haven in the recent financial crisis), both white and colored diamonds have significantly outperformed the stock market. The reward-to-risk of white diamonds has been very close to that of government bonds. The returns on gems are positively correlated with stock market returns: an increase (decrease) in equity prices is often followed by an increase (decrease) in diamond prices. There is evidence of a positive "masterpiece effect": returns may be higher for higher-quality objects.
One important issue to keep in mind is the low performance and high volatility of financial markets in the period examined in this paper. Ideally, we would like to compare the price trends of diamonds with that of financial assets over longer periods. Under the influence of De Beers, the market price of rough diamonds in the primary market has gone up over many decades, but it is unclear whether this represents a realizable return for investors. It is wellknown that the aim of De Beers is to have a steady upwards price path in the primary market, and as little activity as possible in the secondary market. Furthermore, the crash in the price level of retail diamonds in the early 1980s (National Gemstone, 2010) hints at the existence of risks not captured by our study. More research is needed to get a truly long-term picture of the realizable investment performance of gems. Table 4 shows the returns in deflated USD, which follow from the OLS estimation of hedonic regression equation (1), for white diamonds, colored diamonds, and other gems for each semester over the period 1999- Table 4 . Data on the returns of global stocks, global government bonds, and gold were downloaded from Global
Financial data. In all cases, the index is set equal to 100 in the first semester of 1999.
Figure 4: The "masterpiece effect" Figure 4 shows the index values in deflated USD for white diamonds, white diamonds of color categories D, E, and F, and white diamonds of color categories D, E, and F of at least 10 carat, for each semester over the period 1999-2010. The baseline returns for white diamonds are shown in Table 4 . The other returns follow from a reestimation of hedonic regression equation (1). In all cases, the index is set equal to 100 in the first semester of 1999.
